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(57) Abstract 

A toll gate system consists of a voucher (1), at least one camera (8) and a neural network computer (11) to control the acti- 
vation of a toll bar (14). Preferably, the voucher (1) is mounted on the windscreen (6) of vehicle (7). The output of camera (8), 
which surveys the voucher (1) within its field of view (9), is fed into the neural computer (1 1) through multiplexer (10). The com- 
puter (1 1) controls a recorder (12) which records the passage of the voucher (I) through the toll gate and activates the toll bar (14) 
as required. Users of the toll gate may either pre-purchase a voucher (1) for a number of passes through the toll gate, or be billed 
at a later time. 
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Image Processed Optical Toll Gate Voucher 

Field of the Invention 

This invention relates to an optically identifiable voucher 
system for the activation of toll gates so as to speed up traffic flow 
and reduce the number of manned booths required on toll ways, said 

5 system consisting of a voucher whose front surface is clearly marked 
with symbols, letters and numbers, a camera with which to view said 
voucher carried by a potential toll gate user, a computer with which 
to recognise the detected symbols, letters and numbers character- 
ising said voucher, said computer controlling both a recorder which 

10 records the passage of said voucher through said toll gate and 
activates said toll gate as required. 

The invention may be installed on roadways, entrances to sport 
arenas, car parks, entrances to railway stations, airports and 
shipping terminals, in warehouses and public buildings. The said 

15 voucher may be displayed in a prominent position on vehicles or be 
hand held, and may be of different sizes for a given optically 
detectable pattern. The same voucher can be used to enter toll gates 
of different types at any location where toll ways are in use. The 
vouchers, if pre paid can qualify the purchaser to a given number of 

20 toll gate passages at a discount or each passage may be post paid. If 
an identifiable vehicle passes along a toll way fitted with said 
invention but does not display said voucher then said illegal toll way 
user would pay a post dated premium or be barred from using said 
toll way and directed to a manned pay booth. Due to social liberty 

25 arguments, a choice of personalised and non-personalised vouchers 
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can be made available, the latter being pre paid and all legal toll gate 
passages not been recorded, by law, so that no check could be made 
regarding the identity of a particular toll gate user at a particular 
time at a particular place. 



5 Summary of the Prior Art 

Prior art toll gates involved manned booths which either 
received the toll directly from the user during each passage or 
indirectly via the user depositing coins or inserting pass-cards into 
the toll control system to allow access. In addition to being time 

10 consuming with a tendency to result in severe traffic congestion, 
particularly at busy toll gates, prior art toll gates were difficult and 
expensive to monitor as far as the failure of users to pay the toll 
was concerned, a situation which led to heavy, and often 
uneconomical staffing level requirements. Radio controlled prior art 

15 toll gate suffered from interference effects and were of very limited 
information bandwidth which was incapable of visually identifying 
the toll gate user. 

The present invention overcomes the defects of prior art 
systems in that it visually identifies both users of toll gates who 

20 possess toll gate vouchers and those who do not possess such 
vouchers. Once the toll gate voucher has been identified, the toll 
gate user is allowed through the said toll gate with no further action. 
However, if no toll gate voucher is detected then the potential user 
of the toll gate is either prevented from passing through the toll gate 

25 and is directed out of the traffic lane, or the user is identified via, 
for example, a motor vehicle, number plate and charged at a later 
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date or, if a lapsed voucher is detected, the user is allowed through 
with a penalty to be paid at a later date which may be less severe 
than would be the case where no voucher was detected at all. 

Background of the Invention 

5 A need existed for a toll way system where the user could pass 

through a toll gate without reducing speed yet the passage through 
said toll gate being recorded and charged to the identified user. To 
obtain a discounted passage through any toll gate the user would 
either have to pre pay for an identification voucher or would have to 

10 be a regular user of such toll ways. 

With the advent of neural network computers, optical image 
processing has become a topical art because a computer can now be 
used to more easily identify an optical image. The neural computer 
based system has only to be taught how to recognise particular 

15 patterns with no need for complex software as is required for expert 
systems. Furthermore, neural network computers do not suffer from 

computer viruses. 

However, with the ability of modern computer based systems to 
identify users of toll gates at any time and in any place, the question 

20 of the social issues involved comes to the fore because of the 
potential to miss-use the technology. This implies that it may 
become illegal for any authority to recognise a motor vehicle number 
plate, for example, during any legal passage through any toll gate, 
hence the need for pre paid, non-personalised vouchers where only 

2 5 the number of passages through a set of toll gates is recorded with 
no record being kept of the toll gate user. However, if the voucher is 
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invalid or if no voucher is displayed, then the system must either bar 
entry or identify the intruder. In the case of the motor vehicle, the 
number plates of said vehicles can be recognised and the illegal toll 
gate user billed at a later date. 

5 Summary of the Invention 

It is an object of the invention to provide an optical identifiable 
voucher which can be presented in the field of view of a surveillance 
camera mounted on a toll gate, whose image output can be processed 
by a computer to record the passage of said voucher through said toll 

10 gate without interfering with the motion of said voucher in any way. 
Another object of the invention is to provide an optically 
identifiable, pre paid voucher for use by toll way users so that said 
toll way user obtains substantial discounts on the toll gate levies. It 
is an object of the invention to provide a method of optically 

is identifying a toll way user possessing a voucher from one who does 
not possess such a voucher so that the latter is forced to pay for 
entry through the toll gate at a premium. 

Another object of the invention is to provide one voucher for a 
range of different toll ways. 

20 Another object of the invention is to provide a means of 

optically identifying the passage of a non voucher carrier through toll 
gates by the optical recognition of a vehicle and its registration 
number. 

It is an object of the invention to provide non personalised pre 
25 paid vouchers so that users can obtain discounts for toll gate 
passages without being to be identified. 
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for enhancing the optical clarity ° 
under bad weather conditions. 

Brief Description of the Drawin8S obtained fro m the 

A better understanding of the invention may accompany ., ng 
lowing considerations ta.en in con.unct.o >~ 
0 drawings which are not meant to limit the scope 

any way. „ gate voucher of the 

Fi9 ure 1 shows a configure^ the t ^ ^ ^ , 

invention which can be attached y displayed 

t0 such a camera. Th 'V° ' it a„ d numbers which can be 
marking including symbols ^,e«ers ^ ^ ^ voucher 

conditions. computer based optical image 

Bg ure a shows the ^-J^ ^ said toll vouche r in rea, 
processing system used J. * ^ ^ 

time so as to activate or not activ 
26 pathway of a vehicle. 
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Figure 3 shows a hand held voucher of the invention being 
displayed to a surveillance camera mounted on a walk through toll 
gate. 

Figure 4 shows the method used to identify a vehicle imaging a 
5 toll way which does not possess a valid voucher or no voucher at all, 
said identification being such so as not to hinder the flow of traffic. 
Figure 5 shows the use of an eye safe laser to illuminate voucher 

1. 

Detailed Description of the Invention 

10 In Figure 1, numeral 1 indicates the toll gate voucher. Numeral 2 

indicates optically distinctive markings on voucher 1 to enhance the 
optical image processing capability of the invention. Numeral 3 
indicates another optically distinct marking on 1 which identifies it 
clearly as a toll gate voucher. Numeral 4 indicates a series of 

15 letters and numbers which allow the holder of the toll gate voucher 
to be cleared or identified by the optical image processing 
capabilities of the present invention. Numeral 5 indicates the period . 
during which the voucher 1 remains valid. 

In Figure 2, voucher 1 is shown attached to a windscreen 

20 indicated by numeral 6 of a vehicle indicated by numeral 7. The 
surveillance camera, indicated by numeral 8, has a field of view 
indicated by numeral 9 which allows voucher 1 to be identified by the 
image data supplied by 8 and the image processing system into which 
it is connected indicated by numerals 10, 11 and 12 respectively, 10 

25 being the multiplexing unit which feeds one or more camera inputs 
into computer 11 whose outputs in turn activate the recording unit 
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« Computer 11 is a.so connected 1c an externa, data base along the 
link indicated by numera. 13 which connects me invention to a 

nira, process station. Recording unit 12 records the .passage o, 
voucher ho,ders and can prevent the passage o, non-voucher o de 
. by directing them o« the automata to.lway or by ,dent, f y,ng the.r 
vehicles and billing them at a later time. 

, n Rgure 2. numera. 14 indicates a to,, gate bar wh,ch 1,fts out 
o» ,he way o« the approved voucher holder. To., bar 14 may laRe the 

. . . Qtor a would be offender from 

form of any device which can deter a wouia u 

10 'ZedJ along the lollway without indirect, upsetting *e o 
tra«ic. tt is assumed that the entrance ,o the automat* to., gate on 
wh ,ch the invention ,s mounted wUt adepuately display warn.ngs 1o 
oon-voucher holers and be adeguately n.um.nated a, whatever 
optica, wavelength or range o. optica, wave.engths to a..ow the 

15 surveillance camera to operate. 

,n Rgure 3. numeral 15 indicates the voucher holders hand 

displaying voucher 1 to the invention. 

,n Figure 4, numera. 16 indicates a motor vehicle approach.ng a 
t0 „ gate without a va.id voucher or with no voucher at all Cameras 
20 survey the vehicle 16 within their tields ot view 9. I— 
gath ered by cameras S w, then be processed by the invenhon o 
entity the type o, vehicle involved, its registration numbe, a 
displayed on its number plates indicated by numerals 17 as well as 
„ col scheme. This information w... be recorded in recordmg 

ln Figure 5. numera. 18 indicates the eye sate laser i.luminatio 



25 

13 
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The invention has applications for the automatic collection of 
tolls without interfering with traffic flow under heavy traffic 
conditions. The invention allows for one or more toll gate fees to be 
pre paid at a discount where appropriate via the sale of toll vouchers 

5 through standard commercial outlets including the local shops. This 
mode of selling pre paid vouchers provides the toll gate owners with 
up front cash as well as minimising the need for manned toll gates. 

Under bad weather conditions, or under poor illumination of the 
toll gate entrance, for example, at night or in misty and foggy 

to weather, the invention provides for a source of illumination light 
which can enhance the image of the voucher via fluorescence at 
particular wavelengths to which cameras 8 are sensitive. The 
illuminators 18 can be eye safe laser beam generators. 
It should be noted that a single voucher, which may be 

is duplicated, will allow tollway users to access a wide range of 

tollways, parking stations, football stands, and ports, a particular 
tollway as well as the number of times the owner of the toll voucher 
uses said tollways during their period of validity. 
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I claim, 

1. An automatic system for optically identifying markings, letters 
and numbers on a voucher which, when displayed in the field of view 
of a surveillance camera initiates an image processing sequence 

5 where the output of the said surveillance camera is fed into a neural 
network computer which has been taught to recognise the toll gate 
voucher's patterns, letters and numbers thus identifying the voucher 
holder and recording the passage through the toll gate accordingly, 
said system consisting of a voucher, a surveillance camera, a 

10 multiplexing unit to connect more than one camera, a neural computer 
system which has been taught to recognise said vouchers, a recording 
unit, a link to a processing centre, a toll gate activation unit, and an 
eye safe source of illumination which can enhance the optical 
markings on said voucher during night operation and under poor 

15 visibility. 

2. A system as claimed in Claim 1 where the voucher does not 
identify its owner. 

3. A system as claimed in Claim 1 where the voucher is pre paid for 
a number of discounted passes through toll gates fitted with the 

20 invention. 

4. A system as claimed in Claim 1 in which the vehicle displaying 
an invalid voucher is identified in terms of registration number as 
displayed on number plates. 

5. A system as claimed in Claim 1 in which the vehicle displaying 
25 an invalid voucher is identified via its type, shape, manufacture and 

colour. 
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6. A system as described in Claim 1 in which the holder of the 
voucher is identified prior to accessing the toll gate. 

7. A system as claimed in Claim 1 where the voucher is mounted on 
the top of a motor vehicle and illuminated from above with an eye 

s safe laser light so as to enhance the optical image of said voucher at 
optical wavelengths corresponding to narrow band filters mounted in 
the surveillance cameras. 

8. A system as claimed in Claim 1 which is capable of identifying a 
voucher passing through the toll gate at the set speed limit of the 

10 tollway. 

9. A system as claimed in Claim 1 for identifying moving vehicles 
along tollways, in ports or air fields and in car parks. 

10. A system as claimed in Claim 1 for identifying individual 
voucher holders entering sports arenas and public buildings. 
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